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Introduction:  Lunar agglutinates are aggre-
gates of regolith grains fused together in a glassy matrix 
of shock melt produced during smaller-scale (mostly 
micrometeorite) impacts [1]. Agglutinate formation is a 
key space weathering process under which the optically-
active component of nanophase metallic Fe (npFe0) is 
added to the lunar regolith [1,2,3,4]. Here we have used 
energy-dispersive X-ray (EDX) compositional spec-
trum imaging in the SEM to quantify the chemical ho-
mogeneity of agglutinitic glass, correlate its homogene-
ity to its parent soil maturity, and identify the principle 
chemical components contributing to the shock melt 
compositional variations. 
Samples and Method:  A JEOL JSM-7600F 
field-emission SEM (FE-SEM) was used to collect 
quantitative EDX element maps on agglutinates in lunar 
soils 10084, 73241, 78501, 76281, and 78421, with ap-
proximately 16-21% Al2O3 and varying maturity (re-
spective Is/FeO ratios: 78, 18, 36, 45, 92) [4]. Numerical 
methods were devised to plot ternary oxide composi-
tions of only the glassy matrix, minimizing contribu-
tions from entrained grains, to create large, highly spa-
tially resolved datasets showing mixing trends and rela-
tionships. Soil samples 73241 and 78501 were also 
characterized using the JSA-8530 field-emission elec-
tron probe microanalyzer in order to test the accuracy of 
the SEM spectrum imaging approach. 
Results: Our FE-SEM spectrum image-based 
compositional analysis technique yielded ternary varia-
tion diagrams only slightly less precise that those ob-
tained by microprobe, but with a factor of 10 to 100 
higher number of spatially-resolved individual analyses. 
For the various 3-component permutations among the 
major element ternary variation diagrams, the following 
relations are observed for all samples: 1) The degree of 
scatter among the various permutations of 3-oxide vari-
ations diagrams, as a measure of glass homogeneity, 
shows no clear correlation with maturity (Is/FeO) of the 
parent soil, 2) the mixing relations for all 3-oxide com-
binations, except those including Fe as FeO, are easily 
modeled based on varying relative contributions from 
model regolith plagioclase, pyroxene/olivine and ilmen-
ite compositions, 3) the mixing trends involving FeO, 
such as those in MgO-FeO-TiO2 plots (Fig. 1), require 
a fourth mixing component with an Fe/Mg ratio much 
higher than normal mare regolith pyroxene and olivine.  
Discussion: The nature of the apparent 
“fourth” mixing component was investigated by sub-
tracting normative plagioclase and ilmenite oxide pro-
portions from all analyses to obtain a “residual” MgO-
FeO-SiO2 variation diagrams (Fig. 2). The diagram con-
firms the inability of the FeO/MgO ratio of normal lunar 
pyroxene and olivine compositions to explain the high 
FeO/MgO ratio of the fourth component. It also reveals 
excess SiO2 in some of the fourth component composi-
tions as well. Source materials in the regolith target as-
semblage that might account for the Fe-rich fourth com-
ponent include Fe-metal from meteoroid impactors (alt-
hough proportional additional Ni does not occur), and 
admixtures of Fe-rich pyroxene/olivine compositions 
from a highland source. A third contribution from va-
por-deposits on the outer margins of regolith grains, that 
characteristically have the needed higher FeO/MgO val-
ues, is also an intriguing possibility. Although volumet-
rically small, such deposits may gradually contribute to 
adding local glass regions with high FeO/MgO over 
multiple cycles of regolith impact gardening.  
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Fig. 1 (left). MgO-FeO-
TiO2 compositions of agglu-
tinitic glass in high-ma-
turity (Is/FeO=92) Apollo 
17 soil 78421.  
Fig. 2 (left). Residual MgO-
SiO2-FeO compositions of 
agglutinitic glass after sub-
traction of normative plagi-
oclase and ilmenite compo-
sitions.  
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